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• F a r r is Hubbert, A sso cia te P ro fesso r o f Animal S cien ce ic u la r animal are known to be influenced by such fa c to rs as age, sex, -composition of the d i e t , stags of production, ambient tem perature and , • humidity,, s ta te of h e a lth , plane o f n u tr itio n , and b a sa l m etabolic r a t e .
An a rea of vitam in A research l e f t la rg e ly unexplored i s th e re -: la tio n s h ip of th e le v e l o f d ie ta ry p ro te in to vitam in A and carotene u t i l i z a t i o n ,>. Some work w ith monogastric animals appears in th e l i t e r a t u r e but inform ation on t h i s subject using ruminant animals i s extremely -scarce. ' . -
The question i s c e rta in ly one o f p r a c tic a l importance since, under range co n d itio n s, p e rio d s of low p ro te in in tak e are u su a lly co in c id e n t w ith p erio d s of low carotene content in th e fo rag e . A s ig n if ic a n t in te r re la tio n s h ip between le v e l of d ie ta ry p ro te in arid vitam in A.
and carotene u t il i z a ti o n might suggest a second look a t th e accepted -No evidence of vitam itt A d e ficien cy occurring spontaneously in. sheep was found in th e l i t e r a t u r e . Vitamin A d eficien cy has been produced experim entally in sheep, although much le s s re a d ily than in, the. bovine species* The re s is ta n c e of sheep tp vitam in A.-deficiency
suggests an e f f ic ie n t absorption and conversion o f carotene to vitam in A. Evidence of t h i s e ffic ie n c y i s p la in in noting the la c k o f c irc u la tin g carotene in th e blood plasma and the white body f a t . Plasma carotene le v e ls in the bovine are normally higher than plasma vitam in A le v e ls and th e bo d y .fat i s yellow , p a r tic u la r ly when grazing green p a stu re . These d iffe re n c e s in carotene concentration w ith in the body imply th a t the ovine i s more e f f i c i e n t ' than th e bovine in th e conver sion of carotene to vitam in A. months on a vitam in A d e fic ie n t r a tio n to produce symptoms o f vitam in A d efic ie n cy in a group o f 7-y ea r old ewes. These ewes had i n i t i a l h ep atic vitam in.4 sto re s of 625-1000 I . per g. of l i v e r . A fter 10-16 months th e re se rv e s had f a lle n to 50-150 I . U. per g . arid a t 27-30 months no l iv e r vitam in A was dem onstrated. Withdrawal of h e p atic vitam in A reserv e s was more ra p id in th e f i r s t year th an itow as the th e second, in d ic a tin g a le s s e f f ic ie n t use of high re s e rv e s .
In A u s tra lia , P e irce (39) demonstrated th a t a d a ily carotene in ta k e of only 10 meg. p er kg. body weight perm itted s a tis f a c to r y growth in lambs fo r one y e a r, afber which time contin u atio n on th e d ie t le d to night b lin d n ess, low plasma and liv e r .vitamin A le v e ls , muscular in co o rd in atio n and, f in a lly , d e ath . I n i t i a l liv e r vitam in A co n cen tratio n s of 200 meg. per g. of l i v e r f e l l to 100 meg. p e r g. in 2 montiiS) t o 3$ meg. per g . i n k months and to & meg. p e r g» in 9 months. The plasma vitam in A le v e l remained a t the i n i t i a l le v e l of 35 meg. % fo r 3 months, reached 23 meg, % a t 6 months, 13 meg. % a t 9 months and. a constant 6 meg. % le v e l from the th ir te e n th month.
These d ata support th e e a r lie r fin d in g s of G iiilbert e t a l . (19) h ith sheep and l a t e r research by High (22) with r a t s th a t h ig h er liv e r vitam in A reserv es are used l e s s e f f ic ie n tly than lower s to r e s . The plasma le v e l of vitam in A i s u s u a lly m aintained w ithin th e normal range u n t il th e l iv e r re se rv e s are in s u ffic ie n t to continue t h i s le v e l. The The e ffe c t of le v e l of d ie ta ry p ro te in on th e blood c o n stitu e n ts in sheep i s not too c le a r. Whiting e t a l . (k9) s ta te th a t th e t o t a l serum p ro te in and/or serum albumin content of the blood were not very se n sitiv e in d ic e s of the p ro te in requirem ent o f th e mature ewe. No sig n ific a n t d iffe re n c e s in the le v e l of serum p ro te in were noted u n t i l la te in th e la c ta tio n p erio d when ewes on th e lowest p ro te in le v e l , showed s ig n ific a n tly lower serum p ro te in and albumin. The le v e ls of p ro te in fed we^e 7 «5 > 1 0 .U and 1 2 .6 $ fo r a one year p e rio d .
However, Klosterman e t a l . (27) found th a t pregnant ewes fed a t th e le v e l o f 0 .1 8 l b . of d ig e s tib le p ro te in per ewe p er day had s ig n if ic a n tly low er t o t a l serum p ro te in and serum albumin than those (51) found; th a t the decrease in canine plasma albumin was accompanied by only s lig h t decreases in t o t a l globulins and in some in sta n c e s a s lig h t r is e in th e globulin fr a c tio n . On , p ro te in re p le tio n the tis s u e p ro te in s and the g lo b u lin fra c tio n s were rep len ish ed f i r s t and th e albumin l a t e r . This would suggest th a t plasma g lo b ulins and tis s u e p ro te in s enjoy p rio r demands on th e t o t a l a v a ila b le pool o f body p ro te in s in emergency. . ■ Chow e t a l . (8) a lso working w ith p ro te in dep leted dogs noted a drop in plasma albumin but t h i s was accompanied by a sim ila r drop in gamma g lo b u lin . The other g lobulin fra c tio n s remained unchanged.
• P ro te in r e p le tio n re s u lte d in a n ,in c re a se in globulin and albumin w ith th e albumin fra c tio n continuing to in crease a f t e r the g lo b u lin fra c tio n reached th e normal l e v e l. -■ '
Lower plasma albumin le v e ls i n p ro te in depleted baby p ig s were observed by geo e t g l . (h i) while the g lo b u lin fra c tio n remained e s s e n tia lly unchanged. The album in-globulin r a tio decreased with V • ; : . ; , y / / ; ; '' : . ; .. 8 p ro te in d ep letio n and increased to the normal le v e l upon re p le tio n .
T otal serum p ro te in was l i t t l e a ffe c te d by p ro te in d e p le tio n but: th e hem atocrit values were d e fin ite ly lower in the p ro te in depleted p ig s .
I t was noted th a t changes in serum p ro te in le v e ls can be masked by changes in. blood volume. v'/ --v,'V y; ' , 4 study of the e ff e c t of p ro te in d ep le tio n and in a n itio n upon r a t s was d escribed by Weimer and N ishihara CkS) where the albumin g . % ,
value of th e serum remained Unchanged. S ig n ific a n t decreases in serum g lo b u lin g . % and in t o t a l serum p ro te in g . % were found i n both the starv ed r a t s and those receiv in g p ro te in -fre e d i e t s . There were sig n i f ic a n t in c re a s e s in both hem atocrit values and in the album !n-globulin r a t i o in th e treatm ent groups when .compared with th e c o n tro ls . These Erwin g t a l . (ik ) using id e n tic a l tw in h e if e r s supported th e e a r lie r .
re se a rc h . Wen one twin was subjected to vitam in 4 d e ficien cy serum albumin was p ro g ressiv ely reduced. Intravehous in je c tio n s of carotene were in e ffe c tiv e in ra is in g th e serum albumin content of th e blood.
This apparent i n a b i l i t y of th e bovine to convert m etabolic carotene to vitam in 4 was in agreement w ith the fin d in g s of Church e t 3I . (9) and Kon e t g l . (28). Ten days a f t e r an intravenous in je c tio n of v i t a min 4 a c e ta te th e serum albumin le v e l was ra is e d to normal.
Vitamin 4 deficien cy in th e r a t produced s ig n ific a n tly lower serum albumin le v e ls and s ig n ific a n tly h igher g lo b u lin le v e ls in a study by Gama e t s i . (7)» S im ilar r e s u l ts were obtained by P avel e t a l . (38) wtoo subjected r a t s to a .v ita m n 4 d e fic ie n t d ie t fo r 65 days.
In a d d itio n to th e usual d eficien cy symptoms a 10% decrease in t o t a l p ro te in , Increase in serum g lobulin and a 3k% decrease in serum albumin Were noted compared to the c o n tro ls . 4n im paired u t i l i z a t i o n of carotene in vitam in 4 d e f ic ie n t• rum inants has been p rev io u sly mentioned in th e work o f Erwin e t a l .
(13). Biven and Erwin (11) Viewing t h i s in te r r e la tio n s h ip from another approach Brown and Morgans'^) observed th a t the c a ta b o lic pro cesses of p ro te in metabolism were abnormally stim ulated in th e vitam in A d e fic ie n t r a t . Young v i t a min A d e fic ie n t r a t s only u t il i z e d p ro te in 5 $ -62$ as e f f i c ie n tl y a s th e normal an im als. The young r a t s on th e,h ig h p ro te in d ie t (22$ casein) receiv in g vitam in A ,retain ed 38$ o f t h e i r n itro g en in ta k e as compared:
with a 'i(.f>$ n itrogen re te n tio n in the vitam in A supplemented r a t s on th e low p ro te in d ie t (18$ c a s e in ). This 7$ d iffe re n c e in n itro g e n re te n tio n between th e two groups in d ic a te s a le s s e f f ic ie n t use Of n itro g en by th e r a t s on the high p ro te in d ie t since t h i s group received h0$ more d ie ta ry p ro te in than s im ila rly tr e a te d r a t s on the low p ro te in d i e t .
However* vitam in .4 d e fic ie n t r a t s on th e high p ro te in r a tio n re ta in e d 2?> of th e i r nitrogen in ta k e whereas th e r a t s on th e vitam in A d e fic ie n tlow p ro te in d ie t re ta in e d only 16% of th e nitrogen in ta k e -Adult r a t s ex h ib ited no d iffe re n c e s in nitrogen metabolism suggesting th a t vitam in .
A i s more e s s e n tia l fo r growth o f tis s u e p ro te in than fo r m aintenance.
In support of t h i s work Gebhardt (18) also found th a t vitam in 4 had a pronounced in flu en ce upon n itro g en balance in r a t s . This was p a r tic u la r ly tru e in th e case of endogenous n itro g e n , S tudies were conducted which showed th a t the minimum le v e l of carotene to support optim al n itro g en metabolism was $-10 meg. p er 100 g. body weightV
Ex p e r im e n t a l p r o c e d u r e
The 36 sheep used in the experiment were se lec te d from a group of mature ewes and wethers of mixed breeding th a t had been on a carotene d e fic ie n t ra tio n fo r over 200 days. Twenty-seven ewes and ^ wethers were randomly a llo tte d to one of 6 treatm ent groups. Care was taken to equalize the number of w ethers in each group in order to minimize the in flu en ce which sex might have upon the data from any one experim ental group (h, 25, 32).
Phase I . The experiment was conducted in 2 p h a se s. The f i r s t period of £0 days (A pril 19, I960 -June 7, I960) consisted of a p re lim inary p ro te in d e p le tio n phase during which 3 treatm ent groups r e ceived a p ro te in adequate ra tio n (1$.2% crude p ro tein ) and the other 3 groups were fed a p ro te in d e fic ie n t ra tio n (£.$% crude p r o te in ) .
The composition o f th e 2 e s s e n tia lly c aro ten e-free ra tio n s was: Table 1 shows the number of animals involved in each treatm ent observation during the experim ent. The vitam in A and carotene so lu tio n s were prepared in concentr a tio n s of one mg. per ml . according to th e method of B ieri (3 ). The sheep were bled a t weekly in te r v a ls and a t th e completion o f t h is phase were again biopsied fo r liv e r samples.
The weekly blood samples obtained during the course o f th e ex perim ent were analyzed fo r t o t a l serum p ro te in , plasma vitam in A, an In te rn a tio n a l ro ta ry micro c a p illa ry re a d e r. Serum p ro te in s were fra c tio n a te d using th e Spineo Model R paper e le c tro p h o re sis c e l l , Spineo
Duostat and Model RB A n a ly tro l. The l i v e r samples taken a t th e end of each phase were analyzed fo r vitam in A and carotene c o n cen tratio n by th e method of Gallup and Hoefer (17) .
In a d d itio n to the above inform ation the sheep were weighed i n i t i a l l y and a t th e end of each phase of th e experim ent. The r a tio n s were also analyzed fo r crude p ro te in and carotene co n te n t.
The experiment was se t up as a sin g le r e p lic a tio n of a complete ly randomized design and th e data were subjected to an a n a ly sis of variance as o u tlin ed by Snedecor (1*6).
RESULTS AND DISCUSSION
Phase I (li/l9 ~ 6 / 7 ) . When th e experiment was i n i t i The group fed th e p ro te in adequate ra tio n had i n i t i a l plasma vitam in A le v e ls averaging 19.3 meg. % and th e p ro te in depleted group averaged 18.U meg. % plasma vitam in A (Table 2 ) . A fter the ^O-day p ro te in d e p le tio n period th e sheep fed the p ro te in adequate ra tio n had an average plasma vitam in A le v e l of 18.7 meg. % while the average plasma vitam in A le v e l in the p ro te in depleted 1 5 group had fa lle n to 13.9 meg. %. This average d iffe re n c e of approximate ly 5 meg. % between the two groups was not s t a t i s t i c a l l y s ig n if ic a n t.
During the course of the experiment the values observed in the t o t a l serum p ro te in s and serum albumin in d icated a c o n siste n t decline in a l l treatm ent groups while the serum glo b u lin values showed an o v erall in c re a se . In ad d itio n to t h is general re la tio n s h ip in th e change in th e blood p ro te in c o n stitu e n ts s ig n ific a n t treatm ent e ffe c ts were observed.
A p o ssib le explanation fo r th is general s h if t in blood p ro te in s may be asso ciated w ith the s tr e s s due to the steady increase in ambient temp e ra tu re during th e experim ent. The semi-monthly mean high tem peratures from A pril 15>, I960 to Ju ly 15, I960 are as follow s: otal serum p ro te in values fo r th e p ro te in adequate and depleted groups were 6.25 g* % and 5.89 g. % , re s p e c tiv e ly (Table 3 ). This d if - ference in th e depression o f t o t a l serum p ro te in in the p ro te in depleted sheep was not found to be s t a t i s t i c a l l y s ig n if ic a n t.
Hem atocrits taken one week before the end of the f i r s t phase showed s ig n ific a n tly lower values (P <.05) f o r the p ro te in depleted sheep, in agreement w ith the in v e s tig a tio n s of Peo e t 3I . (hi) with p ro te in depleted baby pigs*
The p ro te in depleted group demonstrated a highly s ig n ific a n t (P < .0 1 ) drop in serum albumin as compared with the sheep on the pro t e i n adequate r a tio n ( Table h) • This p a tte r n of a lte r a tio n in the serum p ro te in fra c tio n s supports th e e a r l i e r research of Klosterman e t 3I (27) with pregnant ewes and Peo e t 3I . (Ul) working with p ro te in de p le te d baby p i g s . However, t h is l a t t e r research did not re v e al a drop in t o t a l serum p ro te in s a sso ciated with p ro te in d e p le tio n .
There was a d e fin ite tren d toward elev ated g lo b u lin le v e ls in the p ro te in depleted sheep although th is a lte r a tio n in serum globulins was not s t a t i s t i c a l l y s ig n if ic a n t. The treatm ent e ffe c ts upon serum globulins are shown in Table 5 a For number of animals per treatm ent see Table 1 .
At th e end of the f i r s t phase 5 sheep on the low p ro te in ra tio n and 2 sheep on the adequate p ro te in r a tio n died a t th e time of l iv e r biopsy. The higher death lo s s in th e p ro te in depleted group may have been a ttr ib u ta b le , in p a r t, to the combined e ff e c ts of p ro te in d ep letio n and vitam in A d e fic ie n cy . Analysis of the l iv e r samples taken at the end of th is phase revealed no re la tio n s h ip between le v e l of p ro te in in the d ie t and h ep atic vitam in A storage (Table 6 ). Confirmation of t h i s finding was not complete since the i n i t i a l l iv e r sto re s were not known. 9.1* 6.3 7.0 7.6 I ± 6 .6 ± 6 .0 ± 6 .0 ± 6 .0 ± 6 .6 ± 6 .0 Phase 11.0 8.3 22.1* 11*.9 9.6 9.0 7.7 9.0 I I ±8.1* ± 9 .3 ± 7 .6 ± 7 -6 ±9-3 ±10.8
For number of animals p er treatm ent see Table 1 . The serum album in-of the p ro te in d e p le te d a n im a ls continued a t a s ig n if ic a n tly lower le v e l (P < vE35) th an th a t of th e sheep on the p ro te in adequate r a tio n ( Table h ) . The animals fed the adequate pro te i n r a tio n and given vitam in A o r carotene showed l e s s depression in serum albumin than any other groups while th e sheep on th e low p ro te in r a tio n given o ra l doses o f vitam in A, or carotene demonstrated the g re a te s t lowering in serum albumin. The serum g lo b u lin le v e ls in creased from 21-61$ over th e i n i t i a l le v e ls in a l l treatm ent groups and while th e animals on th e low p ro te in d ie t continued to,show a tren d toward ra is e d serum g lo b u lin le v e ls , the in crease was not s t a t i s t i c a l l y s ig n ific a n t ( Table 5 ).
The plasma vitam in A le v e ls of a l l sheep rec eiv in g o ra l admin i s t r a t i o n s of e ith e r vitam in A or carotene were s ig n ific a n tly higher than th e co n tro ls (P < .05) re g a rd le ss of th e le v e l of p ro te in in th e r a tio n . Table 2 in d ic a te s th a t th e r i s e in plasma vitam in A over th e i n i t i a l le v e ls daring t h i s phase was 82% in th e sheep receiving: v ita m in .
A .on th e p ro te in adequate ra tio n and ij.7% in sim ila rly tr e a te d sheep on th e p ro te in d e fic ie n t r a t i o n . This same re la tio n s h ip was noted in th e :
sheep o r a lly supplemented m th carotene w ith the adequate: p ro te in group in cre asin g 70% over i n i t i a l le v e ls and th e sheep on the low p ro te in ra tio n showing a corresponding 1*0% in c re a s e . The plasma vitam in A le v e ls in d th e p ro te in adequate, c o n tro ls were 10% higher than i n i t i a l le v e ls and 27% lower than I n i t i a l le v e ls in th e p ro te in depleted con
The t o t a l serum p ro te in le v e ls were s ig n ific a n tly higher in th e sheep receiv in g vitam in A or carotene (P < .05) compared w ith the QOntrol animals#: re g a rd less of the le v e l of p ro te in in th e r a tio n (Table 3}> Serum p ro te in le v e ls in both th e p ro te in adequate and pro t e i n d e fic ie n t sheep receiv in g vitam in A ro se s lig h tly over i n i t i a l le v e ls while th e t o t a l serum p ro te in in a l l other treatm ent groups d eclin ed from 2-6%. : '
At th e end o f the second phase 2 animals were lo s t a t th e time o f liv e r biopsy, one from each p ro te in l e v e l . Hepatic vitam in A storage ro se h ig h est in both of th e carotene supplemented groups5 measured in percent change over th e sto re s on 6 /7 . Both o f th e groups receiving vitam in A were next in amount o f h e p atic vitam in A storage w hile the th e normal c o n tro l animals showed a d eclin e in storage and the p ro te in depleted c o n tro ls ex h ib ited e s s e n tia lly no change i n l iv e r vitam in A s to re s (Table 6 ). f ■ -V -" 1 :Vv'y
The e ffe c t of p ro te in d eficien cy a s measured a t th e end of th e f i r s t phase was evidenced throughout the experim ental d a ta . Weight lossj, lowered h e m a to c ritlo w e re d t o t a l serum p ro te in , as w ell as an a lte r a tio n in serum p ro te in fra c tio n s were changes observed in the p ro te in d e fic ie n t animals Which supported th e findings' in e a r l i e r re s e a rc h .
#1 in te r r e la tio n s h ip between th e le v e l of d ie ta ry p ro te in and vitam in i, metabolism was suggested in th a t th e p ro te in d e fic ie n t sheep showed lower plasma vitam in 4 le v e ls and hepatic vitam in 4 re s e rv e s than th e ; sheep fed th e p ro te in adequate r a t i o n . The lower blood and liv e r v it a~ min 4 values in th e p ro te in d e fic ie n t sheep p oint toward a p o ss ib le antagonism between low d ie ta ry p ro te in in ta k e and th e e ffic ie n c y of u t i l i z a t i o n of vitam in 4 re s e rv e s . This type of in te r a c tio n i s p a r t ic u la r ly u n desirable in anim als w ith low h ep atic vitam in 4 rese rv e s since i t i s e s s e n tia l th a t th ese re se rv e s be used as e f f ic ie n tly as A i s -necessary to achieve any .appreciable liv e r sto rag e.
• The higher t o t a l serum p ro te in le v e ls found in th e sheep sup plemented with vitam in A or carotene fed e ith e r le v e l o f p ro te in does ' not support th e observations of Brown and Morgan (5) or Erwin e t a l . '
(13)« The former resea rch e rs found th a t young ra ts y d e fic ie n t in v ita min As did not use p ro te in as e f f ic ie n tly as those supplemented w ith vitam in A but were not able to produce th e same e ffe c t in mature r a t s which were vitam in 4 d e f ic ie n t. They th eo rize d th a t vitam in A i s more e s s e n tia l fo r growth of tis s u e p ro te in than fo r m aintenance, Erwin e t a l . (13) Were unable to demonstrate a r i s e in t o t a l serum p ro te in in s te e r s asso ciated w ith carotene supplem entation although they did ob serve a r i s e in serum albumin and a red u c tio n in serum globulins
No outward symptoms of vitam in 4 d eficien cy were observed in th e animals during th e course o f th e rese a rc h , w ith the exception of th e general nervousness and occasional cases of muscular inco o rd in atio n under s tr e s s which were e v id e n t. a t th e i n i t i a t i o n o f th e experim ent. : A y ' . I t was found th a t a h ighly s ig n ific a n t re la tio n s h ip e x is ts be tween th e le v e l o f d ie ta ry p ro te in and th e le v e l of serum albumin w ith th e 'p ro te in d e fic ie n t sheep demonstrating' lower values th an those sheep bn the p ro te in adequate r a tio n . B cotein d e ficien cy a lso re s u lte d in lowered t o t a l serum p ro te in , lowered hem atocrit and weight lo s s in th e depleted anim als. Plasma and liv e r vitam in 4 values were found to be lower i n th e p ro te in depleted animals in d ic a tin g le s s e f f ic ie n t u t i l ?-iz a tio n of vitam in 4 re se rv e s in p ro te in d e fic ie n c y .
Vitamin 4 and carotene a d m in istratio n was more e ffe c tiv e in the sheep fed the adequate p ro te in ra tio n as evidenced by higher plasma vitam in 4 le v e ls and h ep atic vitam in 4 .sto ra g e .
F in a lly , t o t a l serum p ro te in le v e ls were higher in th e vitam in A and carotene supplemented sheep when compared w ith th e c o n tro l.an im als, re g a rd le ss of th e le v e l o f p ro te in i n the r a tio n .
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